This study investigated the risk factors of infliximab (IFX)-related infusion reactions (IR) in Chinese patients with inflammatory bowel disease (IBD).
Background
Infliximab (IFX) (Remicade, Centocor) is a chimeric monoclonal antibody designed to intercept and neutralize soluble and membrane-bound tumor necrosis factor alpha (TNF-a), consisting of human constant and murine variable regions. Since 1998, IFX has revolutionized the treatment of inflammatory bowel disease (IBD). It is effective in induction and remission of fistulizing Crohn's disease (CD) and steroid-dependent moderate-to-severe ulcerative colitis (UC) [1, 2] . However, administration of IFX is associated with a well-recognized risk of infusion-related adverse events, such as infusion reactions (IR), autoimmune disorders, malignancies, opportunistic infections, and serious infections, including reactivation of tuberculosis and hepatitis B virus in patients with IBD in Western countries [3, 4] . The exact etiology and pathogenesis of IR are unclear. The possible mechanisms may be related to cytokine release syndrome caused by massive and simultaneous release of cytokines from TNF-expressing immune cells affected by IFX [4] , activation of neutrophils [5] , degranulation of mast cells and basophils [6] , or circulating IFX-antibodies to infliximab (ATI) complexes activating complement [7] .
The majority of published IFX-related studies in Chinese IBD patients were related to the effectiveness of IFX [8] [9] [10] [11] . However, few reports focused on adverse events. IFX is still the only available biological agent for IBD in China. After the occurrence of IR and other adverse effects, the continuing therapy of IFX and its clinical effectiveness may be challenged by both patients and doctors. Therefore, in this study, we investigated the tolerance and safety of IFX therapy in Chinese IBD patients. We found that the rate of IR (5.5%) in Chinese IBD patients was similar with the data previously reported in Western countries [12] . The patients with the 2 nd IFX treatment series or episodic use of IFX had high risk of IR occurrence. Antibodies against infliximab (ATI) may contribute to IR (71%, 10/14). Although having IR, 67% of patients still finished infusions after IR through appropriate management. Short-and long-term IFX therapy was generally well tolerated in these Chinese patients.
Material and Methods

Patients
A retrospective cohort study was conducted by collecting clinical data associated with 330 cases of patients diagnosed with IBD (including 309 CD cases and 21 UC cases) who received IFX treatment at the Department of Gastroenterology of the Shanghai Tenth People's Hospital affiliated with Tongji University (Shanghai, China) from January 2009 to May 2017. The diagnosis of CD and UC was confirmed in all cases by reviewing patient's medical, endoscopic, radiological, and pathological records, in accordance with the diagnostic criteria published by the European Crohn's and Colitis Organization (ECCO) [13] . Patients who were younger than 70 years of age when they first received IFX injection were included in this study. Data collection started from the first injection of IFX and ended at the study endpoint or discontinuation of treatment (Table 1 ). The study protocol was reviewed and approved by the Institutional Ethics Committee of the Shanghai Tenth People's Hospital of Tongji University School of Medicine.
Data collection
Data were collected from all patients' medical records and safety records. General demography data (age of disease onset, gender, diagnosis), age of the first IFX injection, schedules of infusions, IR (immediate or late), treatment after IR, pretreatment before IFX infusion, severity grades, IFX outcome after IR (stopped, continued, or switched therapy), outcome of infusion reactions (observation, attenuation of infusion rate, attenuation and medication management, or interruption of infusion and medication management), regular use of IFX infusion or episodically (reinitiation after >6 months), concomitant immunomodulators during treatment, other adverse reactions (viral infection, abscess, tuberculosis, perforation, upper-respiratory tract infection), and timing of follow-up were recorded in detail.
IFX induction remission treatment was administered at a dose of 5 mg/kg at 0, 2, and 6 weeks, as described previously [8] . Infusion was administered according to the initial rate schedule, and the maintenance remission was infused every 8 weeks. The initiation of maintenance therapy was based on an assessment of the induction of remission therapy.
IRs that developed during the course of the infusion or within 1-2 h of its completion were classified as immediate IR. IRs that first manifested more than 24 h after infusion were defined as late IR to IFX [12] . The reactions were divided into 5 severity grades, ranging from mild (requires observation only); moderate (minimal, usually oral, intervention is sufficient); and severe (vital organ involvement but nothing life-threatening; usually requires parenteral medication); to life-threatening (multi-system involvement of vital organs, urgent and critical care required); and death [12] . All potential complications of IFX were documented. Concurrent immunosuppressive therapy was azathioprine (AZA) and methotrexate (MTX) in this study.
The IFX infusion protocol was a graded dose-challenge protocol [12] . The initial infusions were administered in a highly controlled manner, beginning with small test doses, followed by gradual and stepwise escalation of the infusion rate until the full target rate was reached.
Pretreatment and clinical management after infusion reaction
All patients received premedication with dexamethasone 5 mg intravenously (IV), promethazine 25 mg intramuscular injection, and omeprazole 40 mg intravenously (IV). 
Statistical methods
Mean
Results
General patients characteristics
A total of 330 consecutive IBD patients (309 CD patients and 21 UC patients) who received IFX treatment at the IBD center of the Shanghai Tenth People's Hospital affiliated with Tongji University were evaluated in the study (Table 1) . A total of 237 male patients and 93 female patients with a median age of disease onset was 22 years (range, 8-76 years years), with median age at the first IFX infusion 30 years (range, 13-78 years) were included in this study. Forty-six of the 330 patients (13.6%) were adolescents (age 18 years or younger). We followed up 311 patients (94.2%) after IFX treatment, and 19 patients were lost to follow-up. The median follow-up was 29 months (range, 1-82 months) with 19 patients having 1 month of follow-up. A total of 76 patients were followed for 1-12 months, 57 patients for 13-24 months, 63 patients for 25-36 months, 40 patients for 37-48 months, 38 patients for 49-60 months, 15 patients for 61-80 months, and 3 patients for over 80 months. 
Characteristics of infliximab-related infusion reactions
In Table 2 , when assessed on a patient basis, IR and serious IR occurred in 5.5% (18/330) of patients and 0.6% (2/330) of patients, respectively. The incidence of immediate IR was 4.5% (15/330), and late IR was 0.9% (3/330). When assessed based on the number of infusions, a total of 2108 infusions with IFX were administered, and the IR rate was 1.8% (38/2108) and serious IR was 0.4% (9/2108) of infusions. The most IFX infusions were 28 times, and the least was 1. The average IFX infusion related to IR was about the 5th infusion. Six patients (1.8%) had 2 or more IRs. After IR, 6 patients (33.3%) had attenuated of infusion rate, 5 (27.8%) had attenuated infusion and were given medication management, and 6 (33.3%) stopped IFX infusion and needed medication therapy. Eleven patients (50.0%, 9/18) switched to other therapies after IR, 6 patients (33.3%, 6/18) continued IFX treatment, and 1 (5.6%, 1/18) stopped IFX. Among the 3 patients who had late IR, 1 had serum sick-like response with pruritic skin, eruptions, fever, malaise, and polyarthralgia.
Outcomes of infliximab and patients with infusion reactions
Among the 18 patients with IR (Table 2) , IFX infusion was continued in 1 patient having slight pruritus and dyspnea and kept under close observation. The symptoms disappeared after 5 h without any intervention. Six patients had urticarial and pruritus during the infusion, but the symptoms vanished after attenuating infusion rate. Three patients experienced arthralgia, fever, and tachycardia. Two patients had dermatalgia. These 5 patients recovered after attenuating infusion speed and were given transient steroid management. Five patients had palpitation, bronchospasm, throat tightness, and chest pain, and 1 patient had Henoch-Schönlein purpura (Figure 1 ). The infusions were interrupted immediately and these patients received methylprednisolone IV, oxygen uptake, and electrocardiograph monitoring. All the patients recovered after immediate management. 
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After IR, 1 patient stopped all the medications, and 11 patients switched to other medications, e.g., prednisone combined with MTX in active CD, or AZA in remission therapy. Six patients continued IFX therapy. Among them, 2 patients were given oral antihistamine and prednisone 20 mg 3 time 3 times a day 24 h prior to the infusion. Four patients did not receive special premedication before IFX administration. No IR was occurred in these patients thereafter.
Potential risk factors associated with infliximab-related infusion reactions Table 3 shows potential risk factors for IFX-related IR, assessed using univariate analysis. Patients with IR more often received episodic therapy than regular treatment (P=0.000, Figure 2 Patients who were treated with concomitant IM had significantly lower incidence of IR compared with patients who received IFX treatment only (P=0.000, Table 3 ). Similarly, there were significantly fewer IR episodes in patients treated with concomitant IM than in those just treated with IFX (P=0.000, Relationship between infusion reactions and TNF-a, serum IFX concentration, antibodies (Ab) against infliximab (ATI)
ATI were highly positive in 10 of 14 patients (71%) who had anti-IFX IgG Ab after the IR (median 114 ng/mL, IQR 30-300 ng/mL). These patients had low serum IFX concentration (0.60±1.08 μg/ml, range >0.5 μg/ml) and high serum TNF-a level (418.7267±829.5 pg/ml, range <8.1 pg/ml). In the 10 patients with ATI, 7 had acute IR in the 2 nd IFX series with reinitiation of IFX after therapy discontinued over 6 months, and 3 had IR in the 1 st IFX series. Furthermore, levels of ATI after IR in patients with IR were significantly higher than in the patients without IR to IFX maintenance therapy (median 0 ng/mL, IQR 0-0 ng/mL, n=21, P<0.0001).
Other adverse events
Twelve patients (3.6%) had the other adverse effects, possibly related to IFX (Table 4) . Two patients had viral infections: 1 had chicken pox and recovered after anti-viral therapy for 2 weeks; another had HBV activation and was given Entecavir. Two patients had tuberculosis infection: 1 patient who received IFX combined with AZA therapy had fever again after the 3 rd IFX infusion, and then her repeated tuberculosis-interferon gamma release assay (TB-IGRA) result was positive. Another patient had severe acute military pulmonary tuberculosis 1 week after methylprednisone 40 mg infusion for 7 days combined with IFX. The patient was given anti-tuberculosis therapy immediately and stopped the anti-TNF and steroid.
Three patients had abdominal or pelvic abscess 1-2 weeks after IFX infusion. All the patients stopped IFX and IM therapy and received antibiotics. Four patients had upper-respiratory tract infection with clinical manifestations of influenza or bronchitis, with 3 of them having AZA simultaneously. 
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All the adverse effects resolved or were controlled eventually. No patients developed other autoimmune disorders or malignancies during the follow-up (Table 4) .
Discussion
No previous studies have focused on the safety of IFX in Chinese IBD patients, but this is an important topic because of its increasing use and it is the only available biologic for IBD patients in China. The main results in this study at our IBD center showed infusion reactions (IR) occurred in 5.5% of 330 IBD patients with 2108 infusions. Severe IR were rare. The 2 nd IFX treatment series and episodic use of IFX were significant predictors of IR. Positivity of antibodies against infliximab (ATI) (71%, 10/14) may be related to IR occurrence.
Immediate IR to IFX are reported in 5-23% of IBD patients in large randomized controlled trials, with some comparable rates in unselected patient populations from Western countries [12] . In our center, acute (including immediate and late) IR occurred in 5.5% of Chinese patients. This percentage is similar to the results reported in previous uncontrolled multicenter studies from the USA (3.8-19.7%) [3, [14] [15] [16] [17] . The various methods used to record levels of IR may have contributed to the different IR rates observed in clinical practice. We recorded all the IR in our clinical practice. More than half (66.7%, 12/18) of them led to the permanent discontinuation of the infusion and IFX treatment, and 11 patients transferred to other treatment. According to the combined safety data from all clinical trials with IFX, 2.6% of USA patients had IR leading to discontinuation [15] , which is slightly lower than our results (3.6%, 12/330). The decision to stop permanent IFX treatment usually was made by doctors for safety consideration, although the incidence of severe IR was only 0.6% (2/18), which is comparable to a previous study from USA [15] . Severe IR with clinical symptoms, including bronchospasm, laryngeal/pharyngeal edema, palpitation, and Henoch-Schönlein purpura [18] , were observed during IFX infusion in our study.
Use of immunomodulators such as AZA, 6-mercaptopurine (6-MP), and MTX at the time of anti-TNF therapy was associated with a decreased likelihood of anti-TNF discontinuation in both CD and UC, as it reduces the immunogenicity of IFX and therefore the incidence of IR [19] [20] . In our study, the low incidence of acute IR is consistent with previous results that concomitant treatment with IM may reduce the frequency of IR. Over 70% of our patients who received concomitant AZA or MTX started either before or at the time that they received their first infusion of IFX, and showed significantly lower incidence of IR than those without combined IM. However, this concomitant treatment with IM was not a predictor of IR in our study, and 17 of 45 patients with IR who did not receive immunosuppressive medications also had IR risk. Studies with larger samples are needed to investigate the relationship between IFX-related IR and concomitant therapy with IM.
Premedications are commonly given to patients with IBD before intravenous IFX administration. All the patients in our study were given pretreatment routinely with intravenous corticosteroids before each IFX infusion. However, high inter-practice and intra-practice variability for premedication use exits before IFX administration in different centers in Western countries [21] . The clinical rationale for premedicating patients seems to be driven by individual preference or group practice habit [21] . In contrast, data from the Mayo Clinic found that in the adult population, premedication was not associated with a reduced risk of recurrent IR [15] .
The main argument in favor of premedication with antihistamines, antipyretics, and/or corticosteroids is that it may be justified in patients with a history of moderate infusion reactions [13] . Better knowledge of the evidence may help in understanding the significance of premedication in preventing IR.
The presence of antibodies to IFX (ATIs) has been associated with a significantly higher risk of acute IR in some studies of patients with IBD, especially in patients receiving episodic or on-demand IFX for resuming treatment after a long interval, who suffer increased chances of infusion responses with high ATI titers [19, 22] . Our results also showed the patients who were treated with episodic IFX had higher incidence of IR. At the same time, the patients at the 2 nd IFX series also had high IR rate. These 2 factors were significant predictors for IR. Similar to the reported data, episodic regimens, resumption of IFX infusions after a prolonged drug-free interval, and administration of IFX to patients with high ATI titers increased the risks of IR [22] . Ten of 14 patients (71%) after the IR had the high anti-IFX IgG Ab in this study. All the patients with 3 late IR and 7 of immediate IR detected ATI and had positive results. Other possible etiologies are cytokine-release syndrome, anaphylactic reaction, and complement activation [16, 23] . The majority of reactions can be predicted by the appearance of anti-IFX antibodies, according to a previous report [24] .
The other adverse events associated with IFX treatment were infections such as abscess, upper-respiratory tract infection, and viral infection (including HBV infection), but none were fatal. Five of 9 cases of infections were treated with concomitant immunosuppressive therapy. It has been reported that combination therapy with IFX and IM increases the occurrence of infections [23] . Recent published data emphasize the risk of tuberculosis associated with IFX [25] . In our study, 2 cases of tuberculosis were observed in this series, although chest computerized tomography (CT) screening and TB-IGRA were applied in all patients before initiating IFX therapy.
Many recent studies have shown that the incidence of tuberculosis reactivation during IFX infusion is still very low [25] . However, in countries at high risk for hepatitis B virus and Mycobacterium tuberculosis, such as China, it is still necessary to regularly monitor patients for hepatitis B virus infection and IGRA during IFX infusion. One patient had acute perforation after 2 IFX infusions. This is a very rare adverse event and happened after a long internal (2 years) of reuse IFX. Small bowel stricture and fibrosis in this patient with long disease duration may have led to poor effectiveness of IFX and could have caused the emergent complication.
Conclusions
Our single-center study details the short-and long-term safety profile of IFX in a large group of Chinese patients. IFX was well tolerated in the majority of patients. Whether concomitant IM had a protective effect against IR or increased infections needs further observation in clinical practice. Clinicians should weigh the benefits and risks of anti-TNF therapy in all patients according to the risk factors, e.g., the 2 nd IFX series or episodic use. Monitoring HBV, IGRA, and other infections during IFX therapy may be recommended. Furthermore, a prospective study to establish a standardized protocol for optimal IR prophylaxis is needed.
